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ABSTRACT 

Ss This study investigated the question of whéther young 
children can fcrm respense chains in problem solving. After reviewing 
the literature relating to chaining as a component of probles - 
solving, the author argues that a test of chaining should be free of 
requirements to recall previously learned material, remember general 
information, or apply atstract -principles. The current study used a 
task in which subjects were required.to execute a sequence of trades. 
Subjects were drawn from kindefgarten, third grade, sixth grade, and 
college pofulaticns, and were individually tested. Results indicated 
that college and sixth-grade students were able to solve all problens 
without hints. Younger students were able to solve the problems after 
a few trials. The author concluded..that children were capable of 
formaing chains at young ages. (SD) 
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, Abstract 


“® 
_In contrast to previous studies, this study ‘demonstrated that children, as 


young as five years old, can solve chaining problems. Such chaining ability 


develops without direct instruction. Previous studies and this one were 


” 


analyzed in terms of task requirements and abilities. Few’developmental- 


differences were found in children's ability to solve fairly lengthy chain- 
ing problems. This study also shows how the specific methodologies and 


actual problem tasks used may alter the results obtained. 


¢ 


Chaining in Problem Solving: A Critique and Reinvestigatton 


? 
. 


Chaining, a sequence of actions in which each action depends upon the 


. 


outcome of the last one, is a type of problem-solving. Chaining occurs when 


the individual has to form new response chains or integrate previously sep- 
arate actions. A problem exists when the goal is’ not directly obtainable 
by the performance of a simple act available in the individual's repertoire. 
Therefore, solution of a problem calls for either a novel action or a new 
.integration of actions (Thorndike, 1393), AS various definitions of problem- e 
solving illustrate, chaining is essential to problem Solving. For enone, 
Duncker (1945) and Bartfett (1958) defined problem solution as a sequence 
of linked phases or steps which form a chain connecting initial conditions 

fa problem with its goal. Gagne (1966) has suggested a model of problem- 
solving which has four main characteristics. Sequential actions or abate 
ing is listed as the first characteristic. According to Gagne's character- 
ization of problem-solving, chaining involves an integration of a set of 
Sequential events. :The completion of one action causes ancther set of 
events to occur.- Sequential actions in problem-solving are not intended 
to predict an unvarying sequence for any problem-solving task. However, 

0 
is model does state that the ‘successful completion of any step depends 
the completion of a previous step. 
The chaining’ process is essential in most problem-solving. This 

is wecnditetea by the fact that most theories of problem-solving, tnetinttg 
the General Problem Solver (Newell & Simon, 1972), assume chaining in 
problem solution. The fundamental process of integrating various parts in 
novel wavs is an integral aspect of all problem-solving or creative acts. 
Chaining is, therefore, intrinsic to problem-solving as demonstrated by 


the definitions and theories of problem-solving. 


This investigation of problem-solving siosibee important information 
for psychologists. Chaining may be seen as a basic or fundamental problen- 
solving ability. The ability of young children tc form response chains, 
independent of direct instruction is useful in understanding children's 
successes or failures id other problem-solving.situations. Although these 
other problem-solving situations may assume the detitey to form chains, such® 
ability may ee be directly tested. The responses made by individuals at 
dikferant developmental levels to the same problems should be useful in 
building a heen to describe how problem-solving ability is learned or 
develops. 

The ability.of young children to form response chains is a contro- 
versial issue; different results have been obtained. by various researchers. 
The methodologies used, however, to test chaining. are extremely important " 
variables in determining the outcomes of these experiments. In young 
children, some tasks ae eG wae chaining while others may inhiWit it. 

The fragility of Ghaining ability in young children suggests an 
Erode educational point. In nany" cases the children' yifailures to 
_ form chains may illustrate failures in teaching or in instructions. 

The instruétions, the tasks sireniaeiioeee and the entire educational design ; 
are extremely important variables in determining educational successes. 
Therefore, she test of any ability, such as chaining, must be designed 
carefully With consideration to the task requirements. 

The successes or failures of young children to solve chaining oe 
may be related to their developmental Ipvel. If young ahildran cannot, 
succeed with rhexe simple chaining problems, even after instruction and 
simplifications of the problems, perhaps then educators iodla aot expect 


young children to succeed in those academic studies which involve chaining. 


Perhaps, the teaching of concepts which involve chaining should be 


e 


a 


sadigionad uneti the children are older, If, however, this study does 
demonstrate that young children can solve simple chaining prabitems, then 
here ane other educational daplteaians. If young children can succeed 
with this task, it can be concluded that,chaining is an ability at 


\ 


develops at a very young age, and that in properly designed tasks’ educators 


can get ee succeed in situations which involve chaining. 

The process of chaining itself has educational relevance. Chaining 
isa fundamental strategy used in education. Many educational tasks 
are taught by analyzing the material to be learned into ied seaman pdrts 
and then teaching the separaté parts. fYutting clements together is a 
common educational procedure. . 


Maier (1929, 1936), Kendler and Kendler (1967), and Scandura (1974) 


have explored chaining as a type of problem-solving. These researchers 
- wsed‘the concept of chaining in different ways. For example, in the Stetae 
(1929) and Kendler and tend de (1967) experiments, chaining involved 
connecting separate eran movements together in order to solve the 
problems. The Scandura (1974) experiment required the chaining of several 
separate abstract rules to solve problems. However, in all of these 
studies, the subjects had to discover the idea of chaining separate 
responses or vine together ina a context to successfully solve the 
poet liens. Therefore these studies examine the nature of chaining in 
problem-solving as previously defined. 
Maier's reasoning experiments. Maier studied "reasoning" behavior 
in mazes in rats and human beings. His definition of reasoning as the 
ability to combine essential elements of isolated experiences, implying 
a spontaneous integration, is similar to the definition of chaining in 
cuitenebalininds During free exploration trials of separate parts of a 


maze, the subjects were allowed to familiarize themselves with separate 


6 


° . ‘ é 


@ parts of the maze. They were never allowed:to explore the entire maze 


together during the familiarization trials. Then, during the test trials, 


the subjects had to construct the route to. the goal by integrating two 


7 . ; 
separate experiences. Maier's subjects had repeated maze-running trials 


with such test situations using different combihations of correct routes 


(Maier, 1929, 1936). S8elow four years, children performed in the maze no 


‘“ 


better than chance would predict. According to Maier (186) the ability 
to combine past experiences to reach a goal matures in different children 


at widely different ages, generally rfét before 6 years of age. He 


believed that the time of its appearance seems to be related to mental 
. bd t 


age or inteiligence (Maier, 1936). ; ? 
PS 


Kendler and Kendler's inference studies. In an attempt to support 


Hull's S-R learning theory, Kendler and Kendler (1967) .conducted a series 


of experiments with children and adults. Hull (1943) and other behaviorists 


have explained problem-solving as a series of stimulus-response tonds. 


According to Hull, once the first response is initiated, the whole chain 


of responses can be made. Each response serves as a stimulus for the 


next response. Kendler and Kendler's (1967) problem involved joining 
together two separate, previously learned behavioral sequences. The 


testing situation involved an apparatus in which "tubjects were forced to 


~ ° t 
make a number of choices. These choice responses had been learned pre- 


viously in separate trials in which only part of the apparatus was exposed. 


The subjects (varying from three through nineteen years) had to press the 


correct button to receive a token to drop into the correct hole. In 
e 
separate trials,the subjects demonstrated that they had learned which 


button to manipulate to get each token and into which hole to insery the 
\ . : 
’ | 


/ 
token. To solve the problem correctly, subjects had to chain the two . 


ry 
( 


‘ ' Ca ° ee 
previously separate behaviors together within one minute. Kendler and 
¢ 


“Kendler's task may be seen as chaining in problem-solving because the 
S ‘ sd 


entire chain had not been learned together but a new response chain had 


to be formed which integrated previously separate actions. 


Most of the five year olds ot younger subjects in Kendler and Kendler's 
“ XN i 
experiments failed to make the integration properly, i.e., either they 


mever seachéed the solution or they made incorrect or extra responses during 


. ° . 
v 


the trial. A majority of the college students solved the problem without 
making any errors. They-concluded that when a paradigm that followed 


a . 


“directly from Hullian theory was tested with young children, there was 


little or no evidence of reasoning or inference occurring. With increased 
‘4 2 
maturity, this inference or integration ability became more available 


until with adult subjects correct problem-solving was the typical response. 
‘ . , w 
The probability of a direct solution increased monotonically with age, with 
a5 7 ‘ 
the rateeof increase the greatest between eight and twelve years old 


(Xendler & Kendler, 1967). ; 
There have been a number of interpretations of Kendler and Kendler's 


* (1947) findings. They interpreted their findings with reference to 


verbal representation or verbal mediation theory rather than in’ support 


rn 


of Hull's -theory. This verbal mediation. theory may be Seen ag part of the 
@ 


behaviorist notion of habit’ forming: hierarchies. According’.to the 
' ° . 


. , 


behaviorist approach, alternative behavior patterns dare arranged in 
; PY 8 
preferred order of performance. The less favored behavior patterns 


would be chosen only when the more favored ones are blocked. Many bdehavior- 
ists, including Kendler and Kendler, believe that the strength of a 


response low in the hierarchy could be increased through the process of 


a mediated generalization, often taking the form of a verbal mediation 


e 


« ° ’ 


Fy 6 ; . 
which acts as a liaison between -the presentation of the stimuli and the 


occurrence of the response. Kendler and Kendler theorized that ‘verbal 
mediation abflity tends to develop with age and is not readily available 


> . / 
in young children, their young subjects could not make the appropriate 


integrating response fo forma chain. Howéver, older sabjects correetly 


4 
used a verbal mediating response in’ order to solve the chaining problem. 


Pascual-Leone and Smith (1969) offer an alternative interpretatign 


Kendler and Kendler's results. According to Pascual-Leone's M operator 


central computing space theory, the power of M,:or the, maximum number. , 
schemes that can be coordinated or integrated, increases with age. 


This theory predicts the results obtained by Kendler and Kendler £1967). ° 


The Kendler and Kendler task required the subjects to remember five inde~ 
% . 1 
pendent ‘bits of information (the instructions, the stimulus displays; two ' 
. a : >. ; * 
implications and the equivalence). Pascual-Leone and Smith theorized 


that children must be at least-seven or eight years old in order to have: ’ 


a central-computing space large erf¥ugh to integrate five independent 
bits of information. Whether or not one agrees with Pascual-Leone's theory, 
their interpretation underscores the fact that Kendler and Kendler's 


task *did demand a high memory load in order to solve the problem. 


‘Scandura's higher order rule problems. Scandura (1974) conducted a 


study which demonstrated children's failure to chain separate responses 
6 


together without instruction. His five through nine year old children ~ 


“were taught to, interpret given trading rules. These simple rules showed 


the quantities of one object thaf’could be traded for another type of 


object or objects, for example, two paper clips could be traded for three 


blue chips. The possible 


trades were ‘illustrated on a card. Once = 
as x 


imple rules, he had to 
- as 


- ; : zs 8 y, 
solve problems by actually making trades- using composite rules. Composite 


‘ . 


rules were formed by combining two simple, compatible rules, thus making 


. - 


‘ ; 
a’ trading chain. This experiment involved two groups, a contro] (unin- 
4 tse ° e 
structed group) and an experimental (instructed group). The experimental 
7 _. : 
subjects were shown two compatible rute cards and were asked to‘interpret ' ‘ 
— ; : 


each of them. ‘The experimenter then demonstrated to this gtoup how to F 


combine rules .by sliding rule cards together tin an appropriate manner. 
. vv: ‘ 


~During the training the experimental group did not actually make the trades. 7 


“ ‘ 
Eleven out of twelve experimental subjects were able to make trading chains 


by combining. simple rule cards together to form composite rules. None of 


the subjectS in the control group were able to form trading chains by 


inventing the. idea of connecting simple rules together and then using the 
composite rules. Scandura (1974) showed that five- through nine-year-old’ 


children did not think of combining compatible rules together t& form 


~~ 
. Py cs) ‘ 
a trading chain unless they had received prior instruction to do so. ; ‘ 
t R 
Comparisons of these Experiments = rs 8 
A task analysis was performed on all of these chaining experiments 
. a 
in order to determine the requirement3 of each task. All of the previous ; 
“experiments required much-more than just chaining ability. <A purer test . 
\ 6 _# ‘ i. < 
of chaining ability was, therefore, developed and used in this experiment. 
Maier (1936), Kendler and Kendler (1967) and Scandura (1974) con- 
¢ : o a - Load 
yaks : ‘ F 
cluded chatsyoung children do not have the ability to- form response. chains, . 4 


. be ‘ ’ 
involving the integration gf previously. separate actions. However, this 


_ = mnt hcaninslipning 


be ai Np rod aj ras = a i, SEE OPAVE ne ae 
writer believes that the failure of young children to make correct chain- 
7 ie . ° 


ing responses in these studies was more a functioy of various gomplicating 
- fy o : a) : saa ts Reena . 
factors than 6f young children's inability to farm response chains. 


Correct ‘solution in the Maier (1936), Kendler, and Kendler (1967) and 


Scandura (1974) chaining experiments might have been inhibited by the 
. ’ . a 


. i0 


—$$$$__________—__—-+;- Fhe _ previous research either studied the chaining probtem=scotving— 


following complicating variables: correct recall and usage of previeysly” 


ae as material, forcing the subject to use more than one type of respon 


or operator; requiring the subject to remember more information than 


; individuals of that age usually can; understanding and apblying abstract 


rules in a concrete example, as well as integrating the steps to forma 


< 4 


unit in order to solve the problem. : ye 2 é 


; : i é ry F 
A true test of whether, young children can indeed form response 


. 


chains should be free of these complicating factors. Such a task, 


. should not require individuals to recall previously learned material, nor 


+ remember much.information, nor apply abstract rules. Also, when differ- 
ent ‘typessof operators are required in the same ee another variable 
has been dartddaal. In a more pure test of young children's chaining 
ability, all necessary material or information should be given in a 


, readily usable form when the problem is presented initially. Also, indi- 
. ; : ; el 


viduals’ should be required to make only one type of response. The same 


e -_ ; z= 
, type of operator, (e.g., application of the same rule, or the same psycho- 


motor activity) can be applied over and over to form a chain rather than 


' 
, 


ca . 7 ‘ 
requiring the individugls to make different responses. Problems presented 
- . . 

‘ : ‘ ; 

a in this fashion test young children's ability to form response, chains 


\ : ‘ . 


‘ independent of other complicating factors. : 


. é ase 


Table 1 summarizes ‘eight points of similarity or difference between 
the five studies previqusly discussed and this.study. The following is 
e ‘e ; . * 


a discussion,cf the column titles~< : oie 


. . = . 


— 


performance jof young children alone or- compared their performance to col- 


lege students. Only this present study compared the performance of peopl2 
> ; . a : . 
itferent developmental levels by tyacing the development of these 


. g 2 


proplem-solving abilities. 


Comparison of Variables in Chaining Problem-Solving Experiments 


Author Keoall of 
of Ay oof Nevius 
Study Subjerts Learning 
Mater (3-8 yrs.) necessary 
Kendler & (5, 8 yrs. necessary 
Kendler colieye) . 
Scandura (5-4 vrs.) wet 
mcessary 
Blumberg (5 yrs.- were 
colbose ) necesuary 


Number of 
Steps 
Essent ial 
in Task 


constant 
(2) 


constant 


() 


Table 1 


Does a Repeated 
Number of Use of the same Were Children 


Subject Must Possibility of Types of Operator Successful ia 
Discover Out-of -sequence Operators Solve the Demonstrating 
Proper Sequence Responses Required — Problem? Chaining? 
mr cessary ‘for no 1 “ yes no 
selution . : 
no, given in yes 2 no no 


problem itself 


necessary for no 3 : _ no no 
solution 


necessary for yes, S must 1 yes yes 
solution correct out-uf- 
sequence R 


ee, 


1: 

2. Some of the experiments required the subjects to learn material 
before the problems were presented. This material had to be recalled and 
used during the solution. The Scandura experiment and this one presented 
all of the relevant information for use during the actual problem solution. 

3. All of the previous experiments required a constant number of 
_steps to solve the problems. However, this number of steps was small, 


either two or three steps. Perhaps the number of steps:that individuals can 


integrate successfully varies with development. Therefore, in the present 


study the performances of people of different ages were compared in prob- 
lems requiring various numbers of steps. 

4, Discovering the proper sequence of responses may be seen as a 
fundamental aspect of problg@fi-solving for some of the experiments. Because 
of the task requirements of the Kendler and Kendler problems, the proper 
sequences of responding was presented in the stimulus situation itself. 
However, in all of the other experiments in order to solve the problem 
correctly, the subjects had to discover the proper sequence on their own. 

: 5. Out of sequence responses tend to be extra, unnecessary steps. 

In the Maier and the Scandura experiments the subjects could not make out- 
of-sequence reSponses. In the Kendler and Kendler experiment, subjects 
could make out-of-sequence responses but then were considered non-solvers. 
In the present experiment, subjects could make out-of-sequence moves, 
althoygh they had to correct them immediately in order to solve the 
problem. 

6. The number of operators varied from experiment to experiment. 

(An operator may be defined as the type of response such as the particu- 
lar physical manipulations or the application of different types of rules.) 
Some experiments used only one type of operator. Examples of experiments 


using one type of operator are the Maier and the present one. .The type of 


{2.3 | - 
opérator neal involved physical movement in both of these experiments. 
The others used several different types of operators within one problem. 
For example, Kendler and Kendler required their subjects to do differ- 
ent types of manipulations (e.g., choosing among alternative responses, 
and turning buttons and inserting objects). Scandura's individuals had 
to apply abstract rules and also had to trade different qualities and 
quantities of objects correctly in order to solve the problems. 

7. Chaining problems may involve the repetition of the same opera- 

4 

tor or may require the use of different operators. Repeating the same 
operator several times with a problem may be easier than performing dif- 
ferent steps in order to form a chain. Other chaining experiments (not 
concerned with chaining abilities in children and — not relevant 
here), e.g., Newel] and Simon (1972) logical transformation problems, 
illustrate the difference between the number of types of operators required 
and repetition of the same step. Many different operators could be 
repeated, in these logical transformation problems. 

oe the children able to solve the chaining problems? The 
previous research failed to demonstrate that young children can solve 
chaining problems. The children in this study were successful. This 


author believes this contrast in results.is due to their different task 


Method 


There were twenty subjects in each of four groups: kindergarten, 
2 J s 
third grade children, sixth grade children, and college undergraduate 
> students. The subjects were either randomly selected from their respective 


grades in a middle class suburban public school or college volunteers. 


1h 
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‘Materials and Apparatus 


Trading board. A circular board which contained eleven sets of 


display containers arranged around the periphery of the circle. Each 
display container showed two different cards. A transparent plexiglass 


circular wheel was mounted Over theboard. A circular hole large enough 


to uncover one display container had been cut out of the plexiglass cover. 


The wheel could be rotated to allow subjects to obtain access to the 
actual trading cards. Figure 1 illustrates the lay-out of the trading 
board. 

Object cards. Cards showing drawings of common objects were placed 
in the display containers. Within each display container two different 


object drawings were shown. , 


Goal-box tontainer.* One separate display container which resembled 


_a picture frame and transparent cover was,used to demonstrate’ the goal 


° 


object-card. The goal object-card was placed inside this display container, 
3 
permitting the subjéct to continuously view the goal object without having 


direct access to it. 


¢ 
h subject was tested individually. Prior to the problem-solving 


trials, the expcrimeacers-.explained how the subject was to use the 


trading board to solve the problems. Each of the problems involved trading 


cares to reach a,specific goal card. All of: the trading cards for that 


problem were visible for the duration of each problem. 


Once the subjects demonstrated that they knew how to-make a single 
trade using the trading board, the actual problems were presented. For 
all of the-problems the experimenter gave the subject the initial card 


and placed the ‘goal-object in the goal-box while she said, "You have a 


and you want to get a 
e 


Different cards were used with each problem; arrangementyY of the cards on 


the board also varied with each problem. The order of object-card pre- 
sentations around th® board were randomly determined a priori for each 
prebiens The patterns for each individual problem were the same for 
every subject. : 

The subjects were allowed to proceed on their own throughout the prob- 
lems provided the trading rules were followed correctly. If an illegal 
move was attempted, the experimenter corrected the subject. While the 
subjects solved the problems, the experimenter recorded everything rele- 
vant: that ‘the subjects said and did. . 

Although the subjects were given three chances to solve the problems, 
the oer of success required only one correct solution. The first 
problem required the integration of three separate trades in order to form 
a chain. Subjects had to think of the idea of making more than one trade. 
If after three unsuccessful attempts to solve the problem, two hints were , 
given by the experimenter. The first hint was, "Look around the entire 
board." The second hint, which Was given prior to the next trial, was, 

"You are allowed to make more than one.trade." If a subject did not solve 


5 


the problem’correctly after both hints were given, an instructional sequence 


was initiated. If the subiects were still unsuccessful, the problems were 
7 ‘ 

next simplified in the instructional sequence. The simplifications of 

the problem involved manipulating the manner in which the information was 

Hiataved, e.g., with the correct trades arranged in order around the 

board, the amount of information given, e.ge, with only the three trade 


containers filled; and the number of separate exchanges which must be 


connected together in order to solve the problem. 


18 , ” 
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Longer chaining problems. Next, problems involving the integration 
of more than three trades were given. On each succeeding trial, the 
number of required trade links was increased by one (two for adult 
subjects). This procedure continued until sive the subject was unsuccess-+ 
Ful on two'trials involving a given number of trade links or the subject 
solved problems peiiaine the integration of nine separate trade links. 

The ceiling level was defined as the longest chain that the subject 
performed successfully. Additional trials requiring had trade links in 
order to solve the problem Seti given to subjects once their ceiling 
level was determined. These additional trials were given in order to pro- 
mote a feeling of success in the problem-solving situation. 

desults 


The results are reported according to the following questions: 


(1) Can individuals spontaneously integrate several independent exchanges 


to form-barter chains? (2) Can individuals profit from compensatory 
instruction? How much of this instruction was needed before the indivi- 
miocla could succeed? and, (3) Can’ individuals form longer link trade 

chains (greater than three separate moves) and how long a chain can he made? 
Integrating Exchanges to Forn_a’ Chain 


Table 2 shows the percent of successful solution by age-grade group. 


a 
A Chi-square test indicated a significant age-grade effect ¢ = 25.144, p < 


edllege students all solved’ the problem without simplifi- 
cation, and most solved it on the first presentation (all but one person 
solved without any hints). Kindergarteners and third graders took longer 


to "catch on." but virtually all solved after the hints and a large number 


to "catch on" between the first and second trials with no hints 


19 


17 


Table 2 
Cumulative Percentages of, Successful Integrations 


by Subject Group 


SS nh ee 


a : Group — : : 


Kinder- 3rd 6th 
When Solved garten Grade Grade Adult Total 
By first presentation 50% > 45% += 80%.-—Ss—«90% 66% 
By second presentation , 70% 90% 90% 100% 88% 
By third presentation , 75% 90% 95% 100% 90% 
By fourth presentaction-hint 85% 95% 100% 100% 95% 
, "Look around thé whole board" 

By fifth presentation-hint 90% 100% 100% 100% 98% 
"You can make more*than 

one trade" ‘ 

By sixth presentation 100% 100% 100% 100% 100% 


First problem simplification 


20 


18 
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Profit from Compensatory Instructton * e 


As Table 2“indicates, only 10% of the subjects required any cueing” 


‘or problem-simplification before they solved the problem. After three 


unsuccessful attempts to solve the problem, two hints were given. After 
° as 

giving these hints and two additional attempts to solve the problems, all 

but two ee re children integrated several independent exchanges 

to form barter chains. Both of these children were euecessful after the 

first pit emai anton, Thus, the proposed instructional procedure 

was not adequately tested. 

Forming longer chains. All of the subjects formed successively 
longer link trade chains. Ricsatig percent of the subjects were success- 
ful. with the longest problems; only one kindergarten child failed fo solve 
problems up to nine separate links. This child's ceiling level was five. 


‘ 


Discussion , 7 * 

The results of this research, which investigated the ability of young 
children-to.form chains clearly showed that both eihitaecan and adults can 
solve these problems. Since even the youngest children were successful 
with these chaining problems, the compensatory fnsteupitons, sequence was 
nist tested. The only developmental difference observed with these chain- 
ing problems related to whether or not the subjects — successful on the 
first attempt., However, all of the subjects were able to form fairly - 
lengthy chains. . 

The ability to form response chains through the repeated applitation 
of the same operators develops at a very young age. The only developmental 
trend in chaining ability observed in this experiment is related to whether 


or not the problem was solved on the first attempt. Of-.the younger two 


groups of subjects, about half solved the problem on the first attempt. 


2i << 


’ 


The change occurs sometime between the ages of the third graders and the 


° « 


sixth graders. In addition, at least three quarters of the individuals 
in this study were tndepandentiy able to form chains without direct 
instruction or cumiae: The failure of young children to form response 
chains.in previous studies’ (e.g , Maier, 1936; Kendler & Kendler, 1967; 


F) 


and Scandura, 1974) may be attributed to task differences rather than 
: ; i 


actual chaining ability. The following summarizes the significant charac- 
teristics of che tasks which differed from this-one.—-Successful solutipn 
in Maier's and in Kendler and Kendler's problems included recall of pre- 
vious learning and discrimination between inappropriate and secluanttenns 
responses. In addition, Kendler and Kendler considered subjects to be 
successful only when the essential steps were made with no additional 
responses, In order to succeed in Scandura's problems, the subjects had 
to understand the meaning of an abstract task and that a single object. 
sonie be equivalent to oe isnt Pion of other objects. The Scandura 
task also required the integratidm of Repaente operators. 

Perhaps the methodology used in this problem explains the high 
success rate. First, the preliminary instructions were given in a step- 
by-step fashion. Each aspect of the task was introduced one at a time. 
Before the next aspect of the problem was introduced, the experimenter 
determined that the children understood exactly what they were supposed 


to do. Second, the children had experience actually trading the object- 


cards beror® the problems were présented, thus demonstrating an understand< 


‘ing of what they were supposed to do in separate components of the problem. 


Third, the task requirements themselves tested chaining ability in an 


isclated context (isolated in thar other abilities were not also tested). 
This was a purer test because it involved the following: (1) a concrete 
42> 4) 
Be 


task, (2) a repeated use of ‘only one type of operator, and (3) a slight 
reliance on previous learning. 


This experiment demonstrated the importance of task requirements, 


competency and information-processing load were illustrated. In the, 


‘ . 
earlier tests of chaining ability (Maier, 1936; Kendler & Kendler, 1967; 


and Scandura, 1974), the problems were more difficult and there were hichee 
load requirements (e.g., reliance on previous learning, understanding an 
abstract task, or the required use of several different operators). How- 
ever, in this experiment, the task load requirements were simpler and 
young children were successful with these chaining problems. These findings 
illustrate the distinction between competence and performance. Young 
a 

children may know how to perform a particular skill, but this ability may: 
not be evident from their performance on specific tasks. When the task 
requirements are changed, young children do solve the problems success- 
Avie, thus, demonstrating the ability in question. [In some cases, with 
“the revised problems, children can perform as well as adults do. The 
problems in the first experiment are a good:example of young children not 
only demonstrating chaining ability but also being able to solve the 
problems as well as adults do. Research in other aspects of developmental 
psychology such as with probability learning (Wier, 1964; Green, Elliot, & 
Bancke, 1971) and with hypothesis testing (Phillips & Levine, 1975) illus- 
trate, as this experiment replicates this finding, that young children can 
perform as well as adults on’specific problem-solving tasks when the task 
is simplified, théir information-processing capacities are not overtaxed, 


6 


instructions are changed or they are given some preliminary pre- 
] 


training. 
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», What Additional Research Should be Derived from this Study? 


This study demonstrates that young children can solve chaining . ‘ 


e 


problems when such a test involves only chaining ability. Further 


. demonstrations in other situations of such ceaining abil®ry ‘might be use- 
ful. For example,. if Scandura's (1974) task were redefined so that it 


involved the use of a concrete problem and a one-to-one trading corres-_ 


pondence, perhaps then, young children would be more successful in : 


. 4 
applying composite trading rules (i.e., from the combination of two simple 


“rules) without instruction. If children were successful with this purer 
test of their ability, then we would have further proof that young children . 


can solve problems involving chaining and that past failures might be 


attributed to various task requirements that differed from this one. 


* 


Conclusions . od 

This study demonstrated that atichparh chaining ability develops at 

es a young age and that it can be used abfeobtvely by young children, older 
children and- adults seem to "warm-up" to the task requirements sooner. 
the oaty devetondanvad differences that were observed regarding chaining 
ability concerned whether or not individuals think of forming chains the 
first time they aré' given the opportunity to do ‘so. 

The results obtained in this experiment, in conjunction with previous 
research, underscores the educational perpen Basin of the bake requirements 
and the instructions used. This study, together with previous chaining 
research, illustrates the importance of isolating a particular ability in 
order‘to test that ability more fairly. As is the case in the Stker 


! studies and in many educational tests, a particular ability was tested. 


within “the context of other abilities. 


Once an ability, such as chaining ability, has been demonstrated, then 


it-can be used as a baseline to test that ability in the context of others. 


~ ’ 


Re Since young’ children can succeed in chaining responses together, this %¢ 


° 


' chaining ability can be used in testing other abilities in young chdldren. 
. - = J 
However, educational tests or* psychological experiments which use this oe 
> 
chaining ability have to be constructed carefully. i 


Young children did demonstrate the ability to connect responses to- 
gether'to form chains. independent of direct instructions. If. as this 
6. are ‘ ? 


study shows, young children can invent or integrate things without 


instruction, then the question. can be raised, how much actually has to 


, ‘ 
3 


be taught directly. Perhaps, children can learn ideas involving a series 
when only parts of that chain are taught. The idea of teaching parts of 
* chains should be further tested. The limits of chaining ideas or responses 
* together should be tested in various aauedee, with varying amounts taughc, 


and with children of various cognitive levels. 
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